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It is believed that this broad survey of the sub-
ject, giving particular attentioilto welding, should
be of <rea,t assistance to the aircraft industry in
this country. It would appear that welds in some
stainless steels, heat-treated in some practicable
way, will probably be found to have all the resist-
a-nceto corrosion that is required for aircraft.
Certainly these structures are not subjected to the
severe conditions that are found in chemical plants.

This artivle should be ccnsi.dered as an outline
of what can be dcne, not necessarily as instructions,
which will enable anyone to obtain satisfactory re-
sults in coifimercialwork. Before any aircraft i?lai’lU–

facturer undertakes to make his structures by weld–
ing stai-nless steels he should provide competent
metallur~ica.1 supervision, preferably ‘oypersons who
have had extensive
steels~

experience in handling these new

NATIONAL ADVISORY COMMTTEE
FOR AERONAUTICS.

\ The above title has been chosen advisedly. The impression

that stainless steel is a material of one composition or set of

properties is wrong. It would be more correct to say that the

*From Industrial Gases, iiarch and June, 1928.
Paper read at a meeting of the British Acetylene and Welding

Association, London, March, 1928.
**Messrs. Brown Bayleys Steel Works, Ltd., Sheffield, England.
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laymants expression ltstainlesssteel!!now covers a range of

steels in which the essential element chromium may vary frcm

about 8 to 30 per cent, and which may also contain up to

about 30 per cent nickel, together with sinalleramounts of

ether metals.

The introduction of stainless steel in 1912-13 and the

manufacture of knives by Sheffield cutlers, was really the

first step in the production of a large range ef alloys,

ocmparable in extent with the range of ordinary steels, with

which many are inorefamiliar. When spea~ing of ordinary

steel, it is usual to refer to dead soft or mild steel, axle

steel, spring steel, tool steels, and so on. In just the

same way today, we may refer to stainless steels. The first

stainless steel knives were made of material similar to tool

steels, but following engineers! demands, modification cf

composition resulted in material much softer than the

cutlery quality being produced. After this still milder

qualities resulted in what are known as the stainless irons.

Thus the engineers today have a choice of material with a

wide range of physical properties. Figure 1 shows diagram–

matically the mechanical properties of hard stainless steel.1.

Figure 2 shows the mechanical properties of hard stainless

iron.

It may be noted that the above steels are such as nlaybe
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hardened and tempered to give desired physical properties. They

> are alloys of iron and chromium with varying mounts of carbon.

With e.given chromium content the carbon content determines

whether the steel is of the mild or hard class

bon steels). All the steels in this C1O,SSmay

more easily the lower the cm?bon content. The

(.30/.35 per cent carbon) made into cutlery is

(just as for car-

be welded; the

hard variety

often welded, the

knife ‘~l~dLe and “Dolster is made

dle of ;.lildsteel. The two are

ster, and the handle afterwards

of stainless steel and the han–

‘mtt-welded just behind the bol-

silver-plated.

. T;lemilder qualities, which ‘treldi~orereadily, were pro-

duced to ncet a demand for a material which could be worked

more easily tb.anthe pare~.t cutlery quality. LOW carbon mate-

rial is easier to work in the forge, a-ridalso when cold, i.e.,

for drawil-~~and pressing. Further, Canalthis is important for

the welder, the low carbon inaterial does not hw?den so inten-

sively when cooled in tbleair from high temperatures.

Reference to Figure 3 shows graphically the behavior of the

hard and mild stainless steels when cooled in a,irfrom varied

ternper(atures. Cooled from a temperature of 1200°C, the hard

stainless steel has a Bri-neli ilardness of 512 = 112 tons per

square inch, while the milder l~ZLte~i.dhas only a Brinell hard-

ness of 248 = 54 tons per square inch.

The importance of this observation may be seen by refer-

ence to the turbine industry. The practice of some makers of

@



1’
-. .—

N.A,C.A. Techiiical
.’,

Memorandum No. 532

ste~ turbines is to cast

cast iron in a mould into
>.

the retaining ring and the

which the stainless blades

4

center of

have been

placed in the position they axe to occupy in the machine. Dur-

ing the casting operation, the blades are, of course, heated to

a temperature in the neighborhood of the melting point of cast

iron, and hence the physical properties of these blades after

the operation will depend on the effect of this heating and the

subsequent rate of cooling from that temperature. It would be

expecte”d from Figure 3 that the higher carbon stainless steel

would be hardened by this treatment and consequently would be-

come more or less brittle, and such was the case. For test pur-

poses, a series of strips of

bon content were embedded in

(see Fig. 4). The strips of

stainless steel of different car-

this way in a block of cast iron

hard stainless steel broke off

after bending only a few degrees.

On the other hand, a mild stainless steel treated in exact-

ly the same manner did not harden to such a great extent and the

strips could be bent at right angles as indicated by the dotted

lines, without showing signs of ih?a,cture.

Other makers of turbines prefer to weld the blades into the

retaining ring by the oxyacetylene process as illustrated i-n

Figure 5.
.

Somewhat similar conditions as regards heating and cooling

apply here as in the previous manufacturing process, and unless

sufficiently mild material is used there is a distinct possibil-
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ity of failure during service, owing to the brittleness of the-

m-aterial at the

It is seen

difficulties by

root of the bladesl

that the turbine manufacturers got over their

selection of infiterial. A better method would

be to heat-treat the whole of the material after welding, provid-

ing it is practicable. Reheating to ~OO°C would ~often the ma- “

terial and thereby remove the hardfiess induced by the rapid

cocling froinb.ightemperatures. But removal of hardness is not

the whole story; all commercial welding involves heating the

parts to be welded to a high temperature, usually approaching

the melting point of the material. When metals are heated to

high temp&raiures the grains or crystals grow to an extent de-

pending on the temperature as indicated diagrammatically in Fig-

ure 6. Iilthe coarse crystalline condition metals are usually

physically weak, and not very resistant to shock, even though

tileyare soft. If the filetolis air-hardenin~ steel like hard

stainless steel it will be even less tough, because the coarse

grain size is coupled with hardness.

The cease structure may be removed by suitable heat-treo,t-

ment, usually referred to as normalizing in the case of carbon

steels, which do not air-harden, while the steels which do air-

h~.rdenneed to be reh~dened from the correct temperature (920-

950°C for stainless steel) and tempered to dive toughn-ess.

The recrystallization brought about by this heat-treatment

may be illustrated by a taper-heated piece of steel, which was
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made to have a coaxse fracture by prolonged heating at a high

temperature, then subsequently reheated near one end to the cor-

rect normalizing temperature (see Fig. -j’)D

ApaXt from consideratiorr.of resistance to shock and other

physical tests of like nature, there .~e other reasons why stain-

less steels of the type under consideration would be benefited

by heat treatment.

The corroded band shown on the knife (Fig. 8) is such as

may be seen in the earlier stages of’its development by keen ‘ob-

servers in inamy caf~s and hotels up and down the country. It is

there because the material in thaz xegion i-ssoft when compared

with the other parts of the blade. The band is soft because the

cutler who inade the knife soldered or ?~r,azedthe metal haxlle

on to the hardened blade, and durin~ that operation heated the

material about the bolster to or above the hardening temperature

with the result that the heat r~n down the blade and tapered

-off, leaving some haxd and some soft parts.

Such knives will be put on the market and bear the n~~,e

“stainless.’! Under domestic conditions the knives may ltve up

to t’hisnaim;,but undez more severe conditions in s~me cafes or

hotels they may show mazks or stains or even pitting. In any

case the soft band is usu@ly seeilbecause it is more easily

scratched than the harder surrounding material. Some knives

in a faotorls basement store, which developed corroded bands

during the recent floods in the Thames valley, are shown in

Figure 9.
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The heat treatment affected the resistance to corrosion of
.-

stainless steel-has been known for some time. The inventor,

Mr. Elrearley, knew this - in an historical note he says, 11we

f Ound.that, of the specimens prepared for microscopic examina-

, tion, some of the softer pieces etched with tileusual laboratory

etchir.greagents and some did not. Those that did not etch

were in tke hard condition, those that etched were soft.~l This

observation has been confirmed by trea,tingpieces of varying

hardness with vinegar, a test reagent favored by cutlers. T:e

resistailce to staining by vinegu decceases with increasing tem–

pering temperatures.

It may ‘~enoted that the cutler in Sheffield coined the

name IIstainlessllfor the steel which Mr. Ereaxley discovered for

him. l~latthe cutler meant was that the knives he prepared

were unstained after subjection.to tests in vinegar, lemon-.juice

and other reagents such as would be met in domestic use. The

steel may not have done so well had the cutler not been making

a cutting tool; he must needs have the steel hardened to retain

its cutting edge, and polished, to ma,ke it a salable article.

Hence he clidall the inver.torrequired - hardened and tempered

and polished -togive a clean metallic surface.

>. Thus, the word llstainless~lcoined by the cutler may be mis-

understood. Stainless steel has different degrees of resist-

ante to staining or corroding according to the heat treatment

it has had am-dalso its composition..
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Generally speaking, the higher the chroi,liumcontent the

better t-heresistance after all treatments, and in the lower

.
chromium stainless steels, i.e., 12–14 per cent, the harder the

condition the greater the resistance. In the following notes

when comparisons are made, they relate to the differences among

stainless steels only and are not compared with ordinary mild

steels, as the resistance of the lowest chromium stainless steel

in its worst condition is many tiinesmore resistant tha-nordinary

steels.

To return to the question of corrosion about band of mate–

rial adjacent to heated parts, such as may result from brazing

or welding, ~~Iema~yexamine Figure 10. This “Darwas prepared. to

show that the corrosion was associated with softer material and

this is well 7!rought out by including the Brinell hazdness im-

pressions. ‘Thematerial used in the experiment was a bm of

stainless cutlery steel prepared as follows: A length of about

12 inches was heated throughout at 950°C, and allowed to cool in

air, which haxdened it. One end was then placed in the heated

furnace and allowed to attain the scunehardening temperature

while the other end was comparatively cool. Hardness m’easure–

ments taken at short intervals along the bar show, by reference

to previously determined hardness figures, to about what temper–

ature the different parts of the bar attained on the seco-nd

(taper) heating. We know that when hardened stainless steel is

tempered there is a little falling off in hardness up to 500°C,
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but above that temperature the hardness falls very rapidly, so

>.. that we.estimate that the temperature cf the corrcded part of

the bar had reached 550-600°C.

Such soft places in bars of stainless steel may be found by

an etching process using a solution of ferric chloride contain-

ing about 1 per cent of the salt in water. Used on the knife

blade previously shown corroded (Fig. 8) we get the effect shcwn

in Figure 11 after 10 to 15 minutes immersion.

Figure 12 shows a similarly etched piece of hardened stain-

less steel, which had previously been hardened and then locally

heated by an oxyacetylene torch prior to polishing and etching.

The parts heated hot enough to harden are light, but where the

temperature was le~s and the plate was only softened, the etch-

ing is much quicker and shows daxker in the photograph – nrte

where the long heated band has softened the previously heated

shorter bands.

If a nrmber of bars which have been a,ir–hardened and then

tempered at temperatures between 200 and 700°C, are etched by

immersing to half their depth in ferric chloride solution, they

will show agair.that the softer material etches more quickly.

All these observations are of obvious importance to the

welder, who must of necessity heat material locally about the

parts to be welded. They show that he i~usttake account of the

effects of the heating and cooling of material on the physical

pro~erties of the material he welds. If this be stainless steel
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of the type described up to now he may reasonably ask ‘llsthere

no better naterial than this, which may be less susceptible to

the effects of local hardening and cooling both with regard to

mecha~.icXl properties and resistance to corrosion?!’ The steel–

maker has other alloys to offer, hence the reason for the title

of this pa,perreferrin~ to stainless inaterials, and it ma,ybe

well to indicate some of the reasons for the introduction. of

other types of stainless steel. Following the Great War, many

engineers t-~rneclto stainless steel as a matelia,l which, under

laboratory conditions, showed itself ideal for many purposes,

a-ridlar&’equailtities were made up into pumps, valves, etc. In

man~y cases the results were strikingly successful; in other c[ases

rnmked corrocion occurred, particularly where the stainless steel

had been in contact with brass or bronze, or packings which con-

tained an acl.nixtureof Sraphite in their make-’:.p,and had been

working in sea water. The result of contact between graphite

packing and a pump rod of stainless steel is shown in Figure 13.

The effect is due to electrochemical. action - intensified by

using very impure water.

Fortunately, the steel-maker is ready to learn from ilis

troubles, and experiments indicated that a higher chromium co-n-

tent lessened these types of corrosion. Figure 14 shows the re-

su~t of an experiment in which alloys containing different

amounts of chromium were placed in contact with a bronze plate

and immersed in sea water. The picture shows that part of the
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alicy which was in ecntact with the brcnze for a prolonged period.

The amount of corrosion decreased with increasing chromium con–

tent and the specimen coritaining16 per cent of chromium.was un–

affected. The obvious solution of the pump makerls trouble was

to give him alloys vontainir.g16 per cent or more of ~hromiu.m,

but unfortunately while such a high chromium content may do all

that is required to give resistmce to corrosion, such high chro-

mium alloys do not harden very appreciably on quenching and are

also lacking in toughness. There is, hwever, a use for this

class of material where hardness and great toughness are net es-

sential. It is fairly soft and ductile and may be cold-worked

with ease. From the weldcr!s point of view it is not am ideal

material, because though it can be welded quite easily, the weld-

ed jcints are comparatively fragile; they become coarse owing to

the high temperatures at the weld, aiidcannot readily be l-efined.

There would have been very little call for such high chro–

mium material had not the steel–maker discovered that the acldi-

tion of small amounts of nickel would make it respond to heat

treatment, and bring it into line with the hardenable stainless

materials previously referred to. Such a modified high chromium

steel, for example, makes an admirable pump rod. The usefulness

of such steels, which are sold under the name of ‘lTwoscore,’l

has been repeatedly prcved. In one notable instance, bronze

rings were ti~htly pressed into contact with polished bars of

various alloys containing relatively high chromium and small
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aiaou-ntsof nickel, and hung between high *and low water levels on

one of the piers on the coast. Figure 15 shows the rings reinoved

from their original positions after six months under these con-

ditions. All the bars were unaffected.

l’Twoscoreflsteel has been extensively used in the seaplane

industry, because of its high resistance to corrosion in sea

water, good range of mechanical properties, and on account of

the fact that it is readily welded by the oxyacetylene i~lethod,

which is much used in the production of the various fittings

for seaplanes.

Being an air-hardening steel welded pa-ts of lfTwoscore”

will suffer aany of the dis,advaltages due to inakinghigh temper-

ature joints, a-ridfor that reason all welded parts of aircraft

are rehardened and temioered after welding, for the obvious rea-

son that the material imusthave definite mechanical properties

on which the designer has based his calculations, and be able

to resist the beiding and other stresses which it will have to

meet in service.

Whether this liTwoscoreIImateri~ is ‘cet-iieror worse than

the lower chromium steels after welding wheilit is not given any

after-treatment is a question which at once arises and so far

. as mechanical properties are concerned has been dealt with. With

regard to corxosion: The results of some experiments on taper-

treated pieces, prepared in a similar manner to that referred to

in Figure 10, make it clear that llTwoscore!tsteel is immune from

.
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the lccalized corrcsion which is so noticeable in the ordinary

stainless steels under the salt water conditions. Additional

evidence was obtained by taking separate pieces of cutlery qual–

ity and lfTw@score,1’which had been air–hardened and tempered a.t

various temperatures. The results plotted in Figure 16 represent

the losses in weight after 30 weeks! immersion in sea water at

rcom temperature (the samples were cleaned and the brine changed

every week during this pericd).

The curve for the outlery quality stainless steel is inter–

estir-gin showing that the attack is greater when the steels

were ter.lperedat 550°C and not when fully tempered at about J’OO°C.

It does act, of course, Iollow that the hardened ancltem–

pered llTwosccrelfis as resistant under all conditions as the

sa:fiesteel full–hardened. The experiments do indicate, however,

the superiority of the steel as compared with the ordinaxy type

of hardenable stainless steel.

Austenitic Steels

About the time Brearley was introducing the high chromium

steels to the cutlery industry of Sheffield, Krupps in Germny

were working with materials of similar or perhaps a little higher

chromium content, but distinct fron.the Breaxley group in that

Krupps added sufficient ilickel to make the steels austenitic.

Such steels cannot be hardened and tenpered by the usual heat

treatment processes in the s~~e may as the steels mentioned in
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the preceding section; on the contrary, by quenehing from suita-

ble high temperatures they are softened. The quenching tempera-,

ture for softening varies with the composition from 1000-12OO”C.

Probably the best known of this group are ‘lV2A,11~iStaybrite,fl.

md !lANKA,l’the two latter being manufactured in this country.,

The chromium content varies from 16-20 and the nickel 6-12 per

cent, and in some modifications sm~~llerpercentages of molybdenum

and copper are added.

Brief reference may be made to the outstemding characteris-

tics of this type of alloy:

(a) Mechanical tests of fully softened material:-

Yield point 15-20 tons (2240 lb.) per sq.in.

Ultimate strength 40-60 ‘1 II II II

Elongation 40-60 per cent in 2 in.

Reduction of area 50-60 ‘1 ‘f

Impact 100 ft. lb.

It will be noted that the yield point is low, which makes

the material unsatisfactory for mmy engineering structures. The

tendency for “creep“ uncler sustai-nedlow stress is also aga].nst

the use of the material for stressed parts. The yield point and

the ultimate strength may, however, be increased by cold working

(rolling or drawing) and from the point of view of strength the

steels are perhaps more often used in the cold-worked conditio-n

with a yield point of 50 tons per square inch and a proof stress

— .- —
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01 only a little less.

The high values for elongation and reduction- of area suggest

that the material may be very ductile and capable of being cold-

drarm or pressed to a great extent. It is true that very deep

pressings may be made without rupturing the material, but it

h,ardens very rapidly when cold-worlced and the induced hardness

is such t~latthe operation of deep pressing requires pOWerful

machinery. FiGure 17 shows a comparison with some other alloys

in this respect. The observations were inadeby cold pressing

cylinders mea.surin~ .625 in. diameter by .950 in. long under a

testing iilachineazndnotin~ the load required and the increase

in Brinell hardness.

(b) Resistance to corrosion.

Th& austenitic alloys are generally considered to be more

resistmt to all forms of corrosion than the straight chromium

steels - so far as mineral aciclssuch as sulphu.ricand hydro–

chloric are concerned this is true, although the material is ilot

“oyany means immune f .1:a ::1the attack of either. The addi–

tion of 2 or 5 per cent of molybdenum helps resistance to sul-

phuric, while copper helps in the same way towards the attack

of hydrochloric acid. The austenitic alloys are practically un-

affected by nitric acid, which is also true of the straight chro-

mium: steels containing 15 per cent or more chromium.

The resistance to attack by the weaker organic acids is also
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greater than in the case of the hardenable chromium steels; in–

,-—deed, some of the acids (acetic, citric, oleic, and carbolic)

have little or no effect. In other instances the rate of attack

is.so slow that the life cf sheets in a chemical plant may be

measured ir.yeazs instead of months as is the case when mild

steel is used.

Other characteristic properties ~f the austenitic alloys

are:

(c) Nonmagnetic.

(d) High coefficient of expansion.

(e) High electrical resistance.

The welding’ of the austenitic alloys does not present any

serious difficulties; the material has a lower melting point

than the chromium steels, it is ‘muchmore fluid when molten and

coilsequently fills joints well when gas welding is practiced.

As previously indicated, the material softens when cooled

rapidly from high teflperatures, so that little or no trouble

would be expected to develop by the local heating and cooling

during the welding. There is, in fact, no marked falling off

in mechsmical properties; welded sheets may be bent double along

the veld uithout failure. Figure 18 shOWs a gas-welded IITll

tube and Figure 19 the same tube after flattening. There is alsc

a mass of experience indicating the success of welded objects

in the chemical industries. On the other hand, there are a less~

er number of failures, a-ridit is from the examination of these

.
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that we may learn and hope

set or possibly completely

arise.

to suggest such remedies as will off-

eliminate the causes from which they

Figures 20 and 21 show photoiflicrographstaken near the welded

joint of a,vessel which failed rather unexpectedly in a large c

chemical works. The microphotograph (low power 50 diameters)

shows the whole of the defect passing through the sheet. The

higher power (100 di~neters) microphotograph was taken at the

starting point of the defect. The failure is remarkable in -that

it has led to separation along the grain boundaries.

Such is the resistance of this austenitic type of material

to various corroding media that laboratory attempts to reproduce

the type of defect shown in Figures 20 and 21, met with repeated

failure and while so far as the author is aware, no attempts

have succeeded in producing m, attack so intergranular that a

taper heated bar would fall into two pieces, research has sho~~

that

to a

bars

cent

22.

selective attack will occur on bars which have been heated

welding heat locally and then allowed to cool. A couple of

so treated and then exposed to the attack of a cold 20 per

solution of copper ammonium chloride are shown in Figure

The square bar was heated with a blowpipe flame at the end.

The round bar was fastened in a butt welding machin-e and the

current applied until the center portion was hot enough to melt

a 950°C Sentinel pyrometer.

The next question which arose was “What reheating tempera-
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ture produces this condition which shows a decrease in the re–

sistance to-attack?” This was explored by means of taper–heated

bars, the temperature at various points being judged in some in–

stances by “temper colors, IIin others by means of the well-known

“Senti-nell’melting point pyrometers. The experiments indicated

that the trouble is brought about by reheating in the range f’50-

850°C. Some confirmatory evidence that reheating an austenitic

steel to a temperature about 800°C would cause a change in condi-

tion was available and is shown graphically in Figure 23. The

increase in Brinell hardness, brought about by reheating pieces

which hailbeen previously softened, is very marked. It should be

noted that this is not a type of steel met with in commerce.

It contains too much nickel to be classed among the hardenable

steels and ilotenou~h nickel to make it fully austenitic.

Most austenitic steels usually met with in practice contain

more nickel (and chromium) than this steel, ad as a result do

not show anything like so great an increase in hardness on re-

heating. Often, in fact, no measurable chamge in Brinell haxd–

ness is produced. On such steels, however, heating to a tempera-

ture of 800°C is not without effect on the mechanical proper-

ties of the material as is shown by the following tests.

—-,---- . ,, , . ..- ,,.,., -,...-.-,. . .. .. ... . . .- . ..-...—-
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W.@. 1000°C

Heated 24 hourc
at 800°C and
cooled in air

It will be

YP .
tons

(2240 lb. )
per sq.in~

16*8

18.0

noted that

cepted as exceller.tby the

——

TJ-s.
tons

(2240 lb. )
per sq..in.

54.8

60.4

E.
Elon–

ga:ion
/0

56.0

31.5

———

RA.
Reduc-
tion
of
area

L
58.2

4~.2

—.—

Impact
ft. lb.

100,102,98

62,56,56

the re$ults are such as would be ac-

eagineer, although co”mp,arison shows

slight increases in yield poir.t ~md ultima,te strength and a fall-

ing off in elongation, reduction of area, and impact, in the piece

heated to 800°C.

Another interestin~ feat’~e is observed in.specimens prepared

for micro-examina,tion. In the first place the pieces heated to

about 800°C etch very rapidly (reql~irinqonly about one-twelfth

of the time necessary for the fully softened material) Further,

the grain boundaries are easily seen in the pieces heated to

about 800°C.

Figure 24 shows a photornicrograph of fully softened ANKA

which required etching for four hours in 15 per cent hydrochloric

acid in methylated spirits to develop the grain boundaries. Fig-

ure 25 shows similar material heated to 800°C; this required only

10 minutes in the same etching solution.

The effect of reheated fully softened austefiitic steels would

appear twofold. The carbides a,ppearto fall out of solution and
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migrate to the grain boundaries, while a change of state appears

to occur in the crystals resulting in increased hardness. Fig-

ure 26 is a high power photoimicrograph (~50 diameters) showing

specks of carbide at the grain boundaries in a piece fieatedat

800°C.

Researches into such questions are of little value unless

they point to soi~eremedial treatment, and observations indicate

that heating to the usual softening temperature 1000-1200°C will

completely restore the austenitic alloys to the best condition

to resist corrosion-.

The foregoing deals with the materials for which there has

been the greater demand, but it by no means exhausts the list of

alloys in use, m,anyof which have been made for the special re–

quirements of’a particular set of conditions in the various in——

dustries. Had it not been for the cooperation of Mr. 13rearley

with the cutlers of Sheffield the development of a domestically

stainless cutlery might never have taken place and it is only by

similar cooperation of steel and alloy makers with those who

fabricate aiidalso those who use their products that the use of

other stainless inateria3.shas developed so rapidly. Further ex-

perience and adjustment of composition may result in alloys

which will better resist corrosive or other chemical action;

but the sum of our experience to dateis that all welded materia3

of whatever composition is better when it has been sutijectedto

some after treatment. In the case of air-hardening steels, the
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best after treatment would be a rehardening and tempering, or

fa}ling this a reheating (tempering) to soften the hardened m~te,-

rial about the weld. I:fierethe object is too large to adr~itOf

heat-treating the whole, a local.reheating by the torch would be

advantageous where there is dmger of local ccrro=j.ondeveloping

due to hard and soft material lying side by side, or failure due

to air-haxdening.

In the case

10YS there would

the whole of the

conditions which

of the a.ustenitichigh chromium and nickel al-

appear to be no alternative to that of reheating

welded structure when it is to be used under

would attack those parts which have reached a

temperature of about 800°C during the welding.

To turn now to the consideration of the conditions for weld-

ing: the material should be free from scale - all stainless mate-

rials resist oxidation aad scaling up to fa,irlyhigh temperatures>

but when scale is formed it is very refractory. This means that

it will not readily unite with fluxes to form slag which will

rise and leave the rfletaJ.cleam to unite with the welding rod.

Fortunately for the welder, the steel-maker usually supplies

the material in the pickled condition.



—

N.A.C.A. Technical Neinorandum No. 532 22

Electric Resistance Welding

.-
1. Spo_JWelding is cmried out on many of the domest’ic———

articles made from stainless steels, e.g., fastening the handles

of saucepan bodies and lids. Figure 2? shows a microphotograph

throu~h a spot weld.

2. La~ and Seam Welding has been carried out on various——

types of containers used in chemical industry and also domestic

articles.

3. Butt Welding may be conducted in the USUS.3machi-nes.—.— ..

The electrical resistance of stainless alloys is higher than

that of ordiilary steels and when welding stainless steel to or-

dinary steel it is necessary to make the joint out of center,

i.e., have a loilgerlength of ordinary steel out of the contact

grips. A photo~.licrographof the junction of the butt weld of

an ordinary steel and stainless steel is shown in Figure 28.

Arc Welding

This is practiced with the machines noriiallyused for weld-

ing ordinary steel. Special electrodes are obviously necessary -

the welding material must be as stainless or more so than the

material to be welded. The electrodes may be a stainless rod or
)-

consist of layers of metals or alloys which will melt down to

give am alloy of about the same composition as the stainless nla-

terial to be welded. The latter are known as “syntheticIIelec-

trodes.
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If the rod is stainless material it will be made up of:

(a) A core of stainless alloy.

(b) .\nouter wrapping of asbestos twine.

(c) A binder mixed with a reducing agent su~h as ferromsn-
ganese, aluminum or calcium silicide.

llSynthetic‘1rods axe of various materials depending on what

is required on melting down. For a rod to melt to stainless

steel the components may be:

(a) An iron or mild steel rod.

(b) A wrapping of asbestos cord.

(c) A binder plus powdered fer~ochromium and a deoxidizer.

Fo~ a rod to melt to a high chromium nickel alloy the fol-

lowing may be the make-up:

(a) An iron or mild steel rod.

(b) An electro-deposited lay e r of nickel.

(c) An asbestos cord.

(d) A binder plus powdered ferrochromium and a deoxidizer.

The deoxidizer is, in some instances, a fine aluminum wire

wound on the metal rod before the asbestos cord.

Analyses of electrodes before and after melting down for

welding show that there is a loss of chromium probably due to

oxidation during the welding. Welding rods should, therefore,

contairr at least 1 per cent more chromium than is required ir.

the weld.

The composition of the weld produced by any electrode is
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determined to a ~~eatez or lesser

welder. If the arc is kept long,
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degree by the skill of the

the weld will be lower in chro–

mium, due to oxidation. The arc should, therefore, be kept as -

snail as po~siblc.

Gas Welding

Special stainless welding rod~ are needed, but the synthetic

type are not satisfactory. In the case of austenitic steels the

welding rods should be the sme ~asthe matezial.being welded-

In the ca~e of the l.ardena;blesteels, including llTwoscore,lt

two types of wcldiilgrods are available - one containing chromium

16-20 per cent and nickel 6-12 ,percent, and the other chromium

16-18 pcr cent and nickel 20-25 per cent. The higher nickel

makes the latter run very easily and penetrates the joint. It

has a 10WCI’meltin;:-pointwhich makes it safer and better to use

for thinner mateyial. A disadvantage, however, is that this veld-

ing material is slightly attacked by dilute nitric acid, so that

its use is somewhat limited.

The.condition of the flame is most important. The flaime

should be sli~htly redl~cing, i.e., carrying a,slight excess of

acetylene. Too much acetylene gives carburized welds, will be

hard and briztle and less resistant to corrosion. Ca,rburized
.-

austenitic material is shovm on

in Figure 29. The right of the

Too little acetylene gives

and brittle antiwilI leak. Th~

the left of the photomicrograph

picture shows good material,.

oxidized welds, which are spongy

type of weld of which Figure 30
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is a gross section is pr~duced when the metal is cxidized during

the process of welding and the particles of oxide sink into the

molten material and react with the molten metal, produciilg Gas

which blows pear-~haped cavities. If sufficient gas is formed a

hole is blown on the upper side of the weld, sad it is almost

impossible to get a satisfactory weld after this condition has

been produced.

It is difficult to weld both sides of a sheet for a nuinber

of reasons. While welding one side the other is scalecland any

attempt *O weld it would be at least a partial failure o~~iilgto

the difficulty of reinoving

be gotten o~-erby pickling

scale by some other method

would then present itcelf,

this by fluxing. T]listrouble could

or sand blastinS or removing the

of a,brasio~..Another difficulty

because nearly all tilewelding of

stainless alloys is carried out with hiGh nickel-chromium auste–

nitic alloys, which have a hi~h coefficient of expansion, md

during the second welding heat may cau-seenough expa-nsion iv.the

previous weld to rupture the joii~ii.

Fierce fl~iles should not be used when. gas Welding stainless

steel, and for this reason it is usual to use jets which me a.

size larger tha-nthose used for ordinary steels of similar size.
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We now give an abridged report of a subsequent discussion.

The weldiiwg of stainless material has been practiced for

a long time, pzobably with inore successes than failures, but in

some instances, owing to the lack of knowledge of the properties

of the i~3T.Yalloys which are customarily called Irstainless,”

welded objects have not been put into service in the best condi–

tions. An alloy of chosen composition in the best condition to

resist attacl:under a particular set of conditions may be s,aid

to be 100 per ce-ntefficient so far as our knowledge of metal-

lurgy is coilcerned. Any deoarture frointhe best condition may

mean 95 Oi”’20per cent efficienc~y. The authors may appear to

have stressed tp.edifficulties and failures, which may arise in

welding, but always with the object of ,gainingrecognition of

these and stressing the desirability and meals of attaining the

100 per cent efficiency.

Mr. C. S. Milne said he was particularly impressed with..——. .. .————

the fact that r,otor.lyhad the marvelous things that could be

done with staimle:~s steel, but ~so every defect, appa~.ently,

that i-tcould possibly have, had been pointed out. The fact

that :~e~srs. Bull and Johnson were prepared to atiili.t that their

materi,fl was rot a unive~s,alpanacea indicated that they had

real faith in it. He had been particularly interested in the
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photographs of stainless ste&l knives showing that at

certain parts which had been su.bjected to certain temperatures

a softening of the material had,occurred and had led to corrosion.

Welders were particularly interested in tliat,because they were

bound to heat their material, ald there frostbe a point, near to

each weld, which was heated to the particular temperature which

would produce softening, and he gathered that that was the point

a,twhicildeterioration was likely to take ~JIWe. It was inter-

esting to note that one of the thinflsthat welders Llustdo, ~jrfi.~n ,

working with stainlecs material, was to lheat-trea,tit after

welding , in order to overcoine the soften.ir-gto which he h~.dre-

ferred. Yo doubt there was a ~~eat future for stainless Ji2ic-

rials i-n‘thechemical industries, and he hoped tb.at the me~.~cel:s

of the Asso&iation, as welwrs, would do their Vest tO en~~e

that they ccl~lddo what ‘m,~ncc~ssa.ry in the WaY of heat tre~.t-

ment.

l,lr.Arthur Ste~b.enson__ —.. asked if the steel-makers had yet

finished na.kiilgstainless ~teel. The au-bhors,he said, would no

doubt reply that they had not. The bughear of the

try, however, was that t’herewere so i~aIIYforms of

steel. ~~~len~~elders~~ereasked if they could ‘~~eld

lJ1eldingilldlls-

stainless

stainless

steel they? in their @r3, asked ~j.-hatsort of stainless steel;

the reply was “stainless steel.’t Many people bought stainless

steel under the impression tb.at bec.au.seit ‘.~asc,~-~ledstainless

~teel it was stainless. That , ;Iowever, was not the case, and

—.
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the authors k~,dmade that quite cleaZ. It WOUIC1appear that the

austei~itic steel was the best for welding “cut,UJ..fortnnately,

which had to be used vras not almys the best

were i~l~ly‘articleswhich could be fabricated

such that the steel

for welding. There

only by welding.

Welders mere often asked, when they could not weld an article,

j~ha,tIv,ls~ljl”on~ with.their pi’OCeSS. The trouble, however, was not
\

so much wha-t~:r.swrong with the process as wh?.tWas wrong with

the materidso The process was all riqht, ?~d it rested uith

the steel-mnkers to provide a materiel which would behave itself

when fused.

Mr. Gee. F’ liason s,aidhe understood that the softer the——— —”— —__

metal the more lie?~le it was to corrosion, and that the harder

it was the less was the likelihood oi corrosion. He asked for

confi~matior.of tklat.

Mr. Bul1.— -.=

steels.

Mr. Yason-.———

said that applied, of course, to the hardenable

said he was interested in ships! plates, and
●

pointe~L out that if shipbuilders could get steel which would be

impervious to corrosion there would be an enormous future for it.

Discussing the au-thors~reference to the corrosion of rods, and

so o-n7 due to their contact with graphite packing, he pointed

out that all packing nowadays was meta,llic.

Mr. phillips, speaking on behalf of those using steel, p~--
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titularly of the austenitic type, for the manufacture of chemical

plant, said that the great difficulty of welding it and obtaining

and maintaining the re~lired physical strength in the weld md

in the surrounding material had been more or less overcome. A

point which was of great interest, however, was that of the rel–

ative effects of different methods of welding on the chromiu;m

content of the weld, and he asked for the authors! cpinion as to

the relative merits of the different methods as determined by

the composition of the metal in the weld. The application of

electric welding methods resulted in a loss in the chromium con-

tent. In certa,in cases that was net of Sreat importance to the

chemical plant manufacturer; the resistance of this class of

metal to nitri~ acid attack, for instance, was so great that a

small differer.ce in composition was of nc importance; but it ~’~as

of importance, cf course, when one had to deal with chemicals

which had a more drastic effect on the steel. Acetic acid, for

instance, definitely attacked stainless steel. Its effect upon

the steel was very slight, and the steel could “Deused in con-

tact with acetic acid if that steel were in the best condition.

If the chrcmium content of the steel were reduced, however, it

was possible that the steel would be less resistant, not merely

because of the heat treatment to which it had been subjected,

but also because of the change in its composition.. Stainless

steel was being used today in l~ge quantities not only in con-

tact with nitric acid, but also in contact with other acids,

——. .



N.A.C.A. Tecimical lIemor.andum No. 532 30

alkalies, a:ldall sorts of chemicals, for which purpose it had

proved of very great value, inc!leed.

A Speaker, dealing with the problem from the manufacturing

point of view, said that manufacturers were often asked to make
\

particular azticles in a particular steel as, for in-stance,

Staybrite, and they bought the steel and manufactured the arti-

cles with it. The authors! photographs, however, appeared to

show t’natthe result of r~elding

grains. The size of the grains

by norinclizing but, at the smmc

was to increase the size of the

could be reduced again, of course,

time, that process gight render

the mateliol more susceptible to corrosion ~d he asked the

authors if that were the case.

Mr. A. Sokell said that his experience had been concerned——-———

particularly with the Staybrite type of steel, and he found that

there was difficulty in getting thoroughpenetration, particularly

with the light-gauge metal. It had been his business tc approach

people who were desirous of making dairy utensils, and he had

found thr.tvhile one could get a weld which was fairly good on

tileoutside, there were always cavities left on the inside. He

understood that the Ministry of Health would not pass utensils

for use in dairies if such cavities were left on the insicles,

because the cavities formed receptacles for bacteria, and so on,

and there was some difficulty in getting over that trouble.

Various :nethodshad been tried, both with and without fluxes,

I —
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but it did not appear that a satisfactory answer to the proi~lem

had yet been found. That difficulty did not appear to arise in

the welding of the StayLrite type of ~teel of thicker gauge; it

seemed to weld much ‘oetter and more easily than the li~hter

gauge type, bGth with and without fluxes. Mr. Sokell also asked

the authors for information as to the coefficient of expansion

of stainlesc steel as compared with that of aluminum, brass, and

other netcils;he understood that the expansion of Staybrite steel

was 50 per cent mere than that of ordinary mild steel. Also, he

asked for information as to the conductivity of stainless steel

in relation to that of silver.

Mr. A. E. Shorter said that in the welding of special steels

there ‘,veredifficulties which were not sufficiently appreciated

by the actual welders. Some welders, it appeared to him, tried

to weld stainless steel which was altogether unsuitable for stain-

less steel welding, and he

phasized the importance of

class of welding which was

was very Elad that the authors had em-

having the right material for the

being undertaken.

Mr. Coulson Smith asked if organic acids a,ttacked only the

austenitic chrome steel and not the pure chrome steel, and sug-

gested that if acetic acid attacked only the steel which con–

tained a little nickel, it would be better to use the other for

chemical plant. Dealing with line ccrrcsion, and the authors~

statement that they had had great difficulty in cbtaining an

.
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etching rea~ent for some of the material, he asked whether they

had ever attempted to use, instead of the cu~ro-ammonium solu–

tion, an alcoholic solution of .picric acid or, say, ammonium

persulphate. The authors had drawn lines of demarcation between

the various s-b.agesof stainless steel; there ~“iasone

which it was attacked by oxidation, another at which

tacked by acid, and another at which it was attacked

sion, and he asked wb.erewas the lifieof demarcation

stage at

it was at-

by corro-

between

corrosion 2CXLoxidation, if the attack were not acidic. They

were both chemical phenomena, oxidatio-nbeing analogous to corro-

sion. Dealing with the authors! reference to the attack cf ina-

terial which was in contact with bronze and graphite packing, he

asked what the attack was due to; was it an electrolytic phenom-

enon? He elso asked if all the chromium in stainless steel was

carbonless chromium or whether it was ferrochrome; also, was the

hardness clueentirely to the carbon content or to the chromium?

Mr. Marsh said that if any one had

steel to hi-mtwo years ago he would have

have nothing to do with it. A few years

mentioned stainless

replied that he would

ago we had been told

that stainless steel would provide the solution to all our prob-

lems. Stainless steel, however, was not stainless under all con–

ditions, ~andin order to obtain good results one ha~ to submit

to the s-teel-makerthe definite conditions under which the mate-

rial had tG work. As the result of his experience in the manu-

facture of articles constructed of stainless material, he was
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now passing on his problems to the steel-maker; if that were.

done generally, and if we were in the hands of such able men as

Mr. Bull and Mr. Johnson, he was confident that in two yeas or

so we should certainly be of opinion that stainless materia3., or

materials of that character, were going to solve many of the

problems which had faced us for many yeaxs. Heat treatment

played a most important part. Any problems that he (Mr. Marsh)

had put to Mr. Johnsom or to his chief, Mr. Brearley, with re-”

gard to this material during the last two or three years had

been satisfactorily solved, and he felt confident that if others

submitted their problems to the steel-makers the-ywould receive

assistance such as he had received.

Mr. Bull., replying to the discussiori, said that his firm

would be delighted to help in the solution of the various diffi-

culties if the users would get into touch with them. It was true

that in the hardenable materials there was a distinct danger of

producing soft bands as the result of welding, or of producing,

in the case of the austenitic material, the harder reheated

bands , and that there was more liability to corrosion ,atthose

bands; hence the need for heat treatment after welding. In re-

ply to Mr. Stephenson, he said the steel-makers had not yet fin-

ished making stainless steel. It was suggested by I!r.Stephenson

that those who supplied the welding app~atus had done their

part, but if they considered they had reached finality they were

a very poor lot. The steel-maker, in the old days, had cheer–

—.
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fully accepted the recponsi’oility for all materizils he supplied;

he was probably able to make so much profit in those days that

he could supply new material without worrying about investigat–

ing conpla,ints. That vJ{asnot so today, however, and-lfessrs.

Brown Bayley~s Steel Works probably learned more from the inves-

tigation of complaints than from all their researches. He knew

‘thatthe users of stainless materials were waiting for the steel-

maker, but he urged ti~emnot to allow”the steel-make’:to be kept

wa.itiag fou tb.emto corieto him.

With re~ard to the effect of the various methods of welding,

he saicl‘nisown experience was that

conditions for every method-; it was

not tie himself down to one method.

there were right and wrong

also true that one mam could

There were many cases in

which it wa,simpossible to LISe anything else than gas welding,

‘.m.tthere va.sa right way an’da wron~ way of using it. If we

knew the Tight condition in which to make the weld, and the

right way in which.to use tk.eapparatus, we could cut out every

vari,able but one, and that was the variable due to the hurmn el-

ement. That was allowed for by putting more chromium into the

welding rod. His firm usually allowed 1 per cent of chromium

to ‘Delost in welding. In some conditions --in arc welding -

3 or 4 per cent might be lost, but that was the fault of the man

using the weldii~g apparatus, and not of the steel–maker. It was

true that the loss of a small Wlount of chromium did not matter

from the point of view of the attack of the steel by nitric acid;

L
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but where qcetic acid was used in contact with the steel the loss
,

of chromium did matter. There was a definite attack on stainless

steel by acetic acid. It was singular, however, that although

vinegar contained 5 per cent of acetic acid, it did not attack-

stainlesa steel in the hardened condition, and the reason was

that vinega~ contained some colloidal organic matter in its

make-up, the effect of which organic matter was to xestrain the

attack. Tests had shown that there was no attack by acetic acid

on austenitic steels containing 16 per cent chromium and 8-10

per cent of nickel, and steels of similar type.

It was inevitable that grain growth resulted from the heat-

ing of austenitic nickel-chrome alloys for welding, and one

could not recrystallize those alloys by a simple heat treatment;

the only way to overcome the difficulty was to break down the

crystal structure by mechanical work. There was a distinct ad–

vantage, from the point of view of corrosive resistance, in heat-

treating a weld of that type, in order to take out the effects .

of tapered heating.

With regaxd to Mr. Sokell~s difficulty in regard to the cav–

ities behind the welds in thin gauge materials used for making

dairy utensils, he said that I\tessrs.Brown Bayley~s Steel Works,

Ltd. , supplied welding material which has a high nickel content,

maybe as high as 25 or 26 per cent, the effect of which was to

make it more fluid when melted and to reduce the melting point.

This material was used for thin gauge material which had not to
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nitric acid, because it was attacked by nitric

The coefficient of

the h~~”denable chromium

of ordinary mild steel.

was 0.000011. That of

cause the two materi=fls

the mean coe~ficient of

eqansion of the straight chromium steels -

steels - was just a little less than that

The coefficient of ordinary mild steel

the S-taybrite and ANKA types varied, be-

were a little different in composition,

expansion between 20-60G°C for the ANKA

type being 0.000018, anclfor the Staybrite, 0.00002. &lurflinum

had a higher coefficient cf expansion, and the coefficient of

brass md silver were intermediate between those of Staybrite

and ANKA.

An ZLttemPtto give data as to the attack of various media

on stainless steels would involve a lengthy task, but if any of

the mem”oerswanted definite information he would be glad to sup-

ply it by letter. With regard to etching materials, he said he

had tried picric acid, and had found it to be practically hope-.

less on any type of stai-nlessmaterial. &~inoniumpersulphate

was not of use for the particular type of attack he was trying

to develop on taper-heated bars of austenitic steel.

The question as to wlnerewas the line of demarcation between

corrosion and acid attack opened up a very wide field. It VfaS

necessary first to ask ourselves what corrosion was, and in its

simplest sense it could be reg~.rded as a breaking down of some

passified layer of metal on the outside surface. He looked upon
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corrosion as so-methingwhich did break down that passified layer

on the surface, and which tended towards loc.flattack. He re-

garded acid attack as definite solution of the metal not locally,

but over the whole sample. With regard to contact corrosion when

stainless steel was in contact with bronze, he believed there was

a d.efiniteg.olvanic action, which vvasvery likely to be set up

when a pump, for instance, was i-ncontact with sea watez or im-

pure mine water, or even with tap renter if it contained a lot of

salts in solution.

With regard to the carbon~content, he said his firm rarely

made a stainless steel with a carbon,content of more than 0.35

per cent, so that they were li-mited as to the amount of carbon

they could have in the ferrochrome. He believed the hiGhest

carbon content in fcrrochrome used in the electric furnace for

making stainless steels was 1 per cent.

Replying to Mr. Marshls remark as to the necessity for using

steel in the best condition for resisting attack, he said it was

the business of the steel-maker to tell the welder what he ought

to do, .anidit was the business of the welder to do it. The steel-

maker had to create markets for his products, so that he did try

to supply the right steel for ,anyparticular job. Thus, when a

customer ordered a certain-.quantity of stainless steel wire of o,

certain gauge, and was asked by the steel-maker what he mated it

for, he would appreciate that the steel-maker merely wmted to

give him the proper steel for the job.
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1 Reheating curves of S&,Si & ANKA
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Fig. 3 Erinell hardness numbers of hard stainless steel, Gild
stainless steel (stainless iron) and ANXA. Cooled in air from
reheatinc tec~perature.
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Fig. 4 Hard and nild strips of stainless steel i-ncast iron
block
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